IntroductIon
Genetic tests are increasingly available for both Mendelian disorders and multifactorial forms of common diseases. Genetic test results have the potential to impact health outcomes by improving our ability to diagnose, treat, and prevent disease. Currently, clinical genetic testing for heritable conditions is generally limited to testing for Mendelian disorders because of limited progress in the discovery of genes for multifactorial disorders that have meaningful clinical relevance. [1] [2] [3] [4] Indications for genetic testing of heritable traits include diagnostic, prognostic, and predictive testing, testing of carrier status for recessive conditions, and testing of therapeutic response (i.e., pharmacogenetic testing). The indication for testing is informed by patient demographic information, medical history, and family health history. For example, diagnostic genetic testing is performed when a Mendelian disorder or heritable risk is suspected on the basis of signs or symptoms; carrier screening is performed in asymptomatic individuals with reproductive risks due to their ancestry or family history; and predictive testing is performed in asymptomatic individuals at risk for disease due to a family history suggestive of a Mendelian disorder of high penetrance (presymptomatic testing) or reduced penetrance (predisposition testing).
Interpreting results of genetic testing is complex and depends on the context related to the indication for testing. Furthermore, any particular indication for genetic testing can depend on the intended use of the test result. For example, diagnostic testing in a patient with signs and symptoms of disease may be performed primarily for medical decision making, yet it may also inform a patient's reproductive or life-planning decisions. Therefore, effective communication between the genetic testing laboratory and ordering clinician is essential for optimal test utilization and interpretation. [5] [6] [7] [8] Unfortunately, clinicians frequently have difficulty understanding the implications of genetic tests results, [9] [10] [11] [12] [13] and they express dissatisfaction with clinical genetic test reports.
14 This is likely due partly to variation in reporting of molecular genetic test results. 15 Regulatory requirements and professional standards have been developed with the goal to improve genetic test reporting. The Clinical Laboratory Improvement Amendments specify criteria to be included in the clinical test result, but they do not provide guidance for effectively communicating these elements. 16 Other groups provide guidance describing how to report results for certain conditions (e.g., rare genetic disorders) or types of tests (e.g., DNA sequencing) [17] [18] [19] [20] that are of value in crafting reports for the purposes for which they were Purpose: We evaluated a template for molecular genetic test reports that was developed as a strategy to reduce communication errors between the laboratory and ordering clinician.
Methods:
We surveyed 1,600 primary care physicians to assess satisfaction, ease of use, and effectiveness of genetic test reports developed using our template and reports developed by clinical laboratories. Mean score differences of responses between the reports were compared using t-tests. Two-way analysis of variance evaluated the effect of template versus standard reports and the influence of physician characteristics.
results: There were 396 (24%) respondents. Template reports had higher scores than the standard reports for each survey item. The gender and specialty of the physician did not influence scores; however, younger physicians gave higher scores regardless of report type. There was significant interaction between report type and whether physicians ordered or reviewed any genetic tests (none versus at least one) in the past year, P = 0.005.
conclusion:
For each survey item assessing satisfaction, ease of use, and effectiveness, physicians gave higher ratings to genetic test reports developed with the template than standard reports used by clinical laboratories. Physicians least familiar with genetic test reports, and possibly having the greatest need for better communication, were best served by the template reports.
developed. Yet these guidelines do not fully consider the needs of the end-user in providing a format for effective communication of clinically actionable information.
Previously, we created a molecular genetic test report template suitable for a broad range of molecular genetic tests designed to mitigate postanalytic errors in the genetic testing process. 21 The report template uses the combined features of synoptic reporting and narrative interpretation. The template includes data element grouping and report design recommendations, including the preferred order of report sections (patient and physician information, test performed, test results and interpretation, guidance on next steps, and supplemental information), formatting of data, and the report length. This study sought to determine whether a report generated with this template could improve satisfaction, ease of use, effectiveness to communicate various aspects of the report, and effectiveness to make medical decisions, as compared with standard reports generated by commercial and academic molecular genetic laboratories.
MatErIals and MEthods
Two clinical scenarios were created to inform the development of molecular genetic test reports: a 40-year-old man with pulmonary embolism who is heterozygous for a factor V Leiden (FVL) mutation and a 40-year-old man with colon cancer whose tumor shows lack of staining for the MLH1 protein and who is heterozygous for a frameshift mutation in the MLH1 gene, which is diagnostic of Lynch syndrome. These scenarios were selected because both are potentially frequently encountered by primary care providers caring for adult patients. For these clinical scenarios, six clinical molecular genetic laboratories (four commercial and two academic) in the United States created three reports for FVL (Supplementary Figures S1-S3 online) and three reports for Lynch syndrome (Supplementary Figures S4-S6 online) referred to as the standard reports, and the research team developed a report for each scenario using the report template, referred to as the model reports (Supplementary Figures S7-S8 online). Two commercial laboratories and one academic laboratory developed the standard FVL reports;
Total number of test reports n = 1,600
Model reports n = 800
Standard reports n = 800 There were 396 respondents; however, eight were excluded because they did not select internal medicine or family practice as a specialty area, and another four were excluded because >50% of their responses were missing. A total of 27% graduated medical school after 1995, 92% spend more than half their time in direct patient care, and 36% had not ordered a genetic test in the past year.
they were two pages in length. Two commercial laboratories and one academic laboratory developed the standard Lynch syndrome reports, which varied in length at one, two, and three pages. The commercial laboratories used their templates for electronic report transmission, whereas the academic laboratories used their templates to develop a hard copy that would be transmitted by mail or fax. The name of the fictitious laboratory on all of the reports was "The Genetics Laboratory" located in "Nowhere, State," and the name of the fictitious ordering clinician was "Dr. Good." An 18-item survey was developed to assess the standard and model reports. The survey items were informed by focusgroup experiences with primary care providers from the Los Angeles, Washington, DC, and Chicago areas. 21 The survey questions addressed satisfaction (three items), ease of use (five items), effectiveness to communicate different aspects of the report (five items), effectiveness to inform medical decisions, and understanding of the genetic test results (five items). A four-point scale was used for the response options to these questions, ranging from "not at all" to "very" satisfied, easy, or effective. Seven additional items asked about respondent characteristics, including age, gender, year of graduation from medical school, percent of time spent in direct patient care in the past 12 months, number of years in clinical practice, specialty, and number of molecular (DNA or RNA) genetic tests ordered or reviewed in the past year.
Survey respondents were selected from the American Medical Association Masterfile and included 1,600 officebased, primary care physicians (800 general internal medicine and 800 family practice) from the United States. The survey and one of the standard or model reports were mailed to these physicians; this included 400 model reports and 400 standard reports for both FVL and Lynch syndrome (Figure 1) . The first mailing included a $5 cash incentive, and there were two follow-up mailings to nonrespondents without a cash incentive.
Descriptive statistics were used to characterize the survey respondents. Factor analysis was used to identify subscales in the responses. Analysis of variance was used to test for differences in responses between the standard reports. Mean score differences between standard and model reports were compared using t-tests. Two-way analysis of variance was used to evaluate the effect of model versus standard reports and the influence of select demographic variables on mean scores.
The RAND Human Subjects Protection Committee approved all aspects of this study. 
ORIGINAL RESEARCH ARTICLE rEsults
There were 396 (24%) survey respondents; however, eight were excluded because they did not select internal medicine or family practice as a specialty, and another four were excluded because >50% of their responses were missing. Characteristics of the 384 respondents included in the analyses are shown in Table 1 , including 93 who received the model FVL report, 99 who received one of the standard FVL reports, 104 who received the model Lynch syndrome report, and 88 who received one of the standard Lynch syndrome reports. There were no significant associations between the gender and specialty of the respondent or whether the respondent ordered or reviewed any tests during the preceding year. There were no significant associations between specialty and the number of tests ordered or reviewed in the past year or recent medical school graduation (1996 or later). However, there were significant associations between recent medical school graduation and female gender (P < 0.0001), and recent graduation and having ordered or reviewed at least one molecular genetic test (P = 0.02).
Factor analysis showed there was no evidence of subscales in the survey responses; the 18-survey items reflected a single dimension. Therefore, the mean total score for each report type (model or standard) was deemed to be best for comparing the reports. No significant differences were observed among the three standard FVL reports or among the three standard Lynch syndrome reports. Therefore, the model reports were compared with a composite of the standard reports for each item on the survey, as well as the mean of the total score for all items.
The mean scores for the model versus standard FVL and Lynch syndrome reports are shown in Tables 2 and 3, respectively. For each of the 18-survey items, the model reports had greater scores than the standard reports. The mean total scores were significantly greater for both model reports as compared with the standard reports. The mean total scores for the FVL model versus standard reports were 3.19 (SD = 0.52) and 3.00 (SD = 0.62), respectively (P = 0.028; effect size = 0.322). The mean total scores for the Lynch syndrome model and standard reports were 3.15 (SD = 0.55) and 2.50 (SD = 0.65), respectively (P < 0.0001; effect size = 1.08). Of note, the mean total scores for the FVL and Lynch syndrome model reports were similar at 3.15 and 3.19, respectively.
Gender and specialty of the respondent were not associated with the mean total scores, and there was no interaction between gender or specialty and the type of report (i.e., model or standard). Recent medical school graduates (1996 and later) gave significantly higher scores than graduates from prior years (3.12 and 2.93, respectively; P = 0.01), regardless of report type (i.e., there was no interaction between report type and year of graduation). Figure 2 shows the differences in mean total scores for physicians who had ordered or reviewed at least one molecular genetic test report in the past year versus physicians who had not. The difference in mean total scores was not different for the model reports (3.17 − 3.16 = 0.01) but was substantially different for the standard reports (2.89 − 2.52 = 0.37), with a significant interaction between report type and number of tests ordered or reviewed in the past year (P = 0.005).
dIscussIon
With our national survey of primary care physicians, we demonstrate that the use of a template designed to guide development of molecular genetic test reports in a standardized, synoptic fashion improved the satisfaction, ease of use, and the effectiveness in communicating genetic test results and in conveying information for clinical decision making based on those results, as compared with standard reports from six clinical laboratories. These six clinical laboratories used both electronic and paper-based formats; however, we found no differences between these report formats. However, the formatting in the template for the model reports (e.g., bold fonts, underline, bulleted text, and differing font sizes) may not be easily integrated within current laboratory information systems. Perhaps our findings might provide the impetus to improve the presentation quality of these systems. Gender and specialty of the survey respondents had no effect on report ratings; however, younger physicians (recent medical school graduates) gave higher scores regardless of the type of report, possibly because of greater familiarity with genetics and genetic testing. Of note, our findings show that physicians least familiar with genetic test reports, and possibly having the greatest need for better communication of the results, were best served by the model reports that used the template.
The test requisition is another communication tool that can affect interpretation of the test result by the laboratory and clinician. For heritable genetic conditions that are often rare, ordering the right test can be challenging for clinicians without expertise in genetics. The genetic test requisition can serve as an important tool that can help in the selection of the right test for the right patient through the collection of patient information, including medical history, ancestry, and family history. Integrating this patient information is essential to the accurate interpretation of most test results, and failing to do so can compromise the usefulness of the test report. Therefore, the most optimal communication between the genetic testing laboratory and clinician should result from use of both effective test requisitions and reports.
There are several strengths and limitations of this study that deserve mention. The use of a national sample of primary care providers is a strength. We had a 24% response rate, which was large enough to detect significant differences between the model and standard reports, but the sample was not large enough to detect certain subgroup differences. Our survey was restricted to office-based, primary care physicians (general internal medicine and family practice); therefore, our findings may not be generalizable to other types of clinicians or clinicians practicing in other settings. However, primary care physicians comprise the largest aspect of the health-care system in the United States, 22 and they will likely be ordering an increasing number of genetic tests. [23] [24] [25] Understanding their needs and preferences is important, particularly because evidence suggests they might be inadequately prepared to integrate genetic information and testing applications appropriately into routine practice. [10] [11] [12] [13] 26, 27 We only considered two clinical scenarios to evaluate the report template, heterozygosity for a FVL mutation and heterozygosity for an MLH1 gene mutation causing Lynch syndrome. These scenarios were selected because they are relatively common heritable conditions that are likely to be seen by primary care physicians, particularly those caring for adult patients. The scenarios used provided a range of complexity relating to testing technologies (targeted mutation testing and sequencing) and their limitations, and the types of results expected. Therefore, our findings are likely generalizable to the spectrum of genetic tests ordered by most non-genetics professionals.
In summary, clinical care in the United States, and throughout the world, depends on clinical laboratories for essential diagnostic and therapeutic decisions. Laboratory testing is particularly essential for medical genetics, given the rapidly expanding portfolio of molecular tests for heritable conditions and markers of drug metabolism. Genetic test results for heritable conditions can be complex, with implications for clinical decision making, reproductive decision making, and life planning for both patients and their family members. Because these tests are complex and are typically performed only once in a person's lifetime, it is imperative that genetic test results are effectively communicated from the laboratory to clinicians and then to patients. We propose that using the template evaluated in this study conveys clinically useful information in an effective manner using a standardized approach that can serve as a model for genetic test reports for heritable conditions.
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